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© Siphon control device. 

© A subcutaneously implantable siphon control de- 
vice (10). comprising: 
an inlet (12): 

an outlet (16); ^ . „ ^ 

. an outlet chamber (50) adjacent to and in fluid 
communication with the outlet (16); 

a central reservoir (48) adjacent to and n fluid 
communication v^ith the Inlet (12) the central reser- 
Svoir (48) being separated from the o"«et chamber 
^(50) by an inner wall (38) having substantially par- 
<0 allel upper and lower seating surfaces (52); and 
£ a pair of spaced, substantially parallel, flexible 
"and elastic diaphragms (30). each d'aphragm (30) 
<0 having an inner surface (54) defining portions of the. 
^outlet chamber (50) and the central [^servoir (48). 
^ and an outer surface (56) forming an exterior surface 
©of the Siphon control device (10). the d'aphragms 
CL(30) being situated on opposite sides of the inner 
SSi wall (38) to position a portion of each inner surface 
(54) in contact with an adjacent one of the seating 
surfaces (52) and form a seal therebetween which 



prevents fluid flow between the inlet (12) and the 
outlet (16). wherein the diaphragms (30) w.ll move 
away from the seating surfaces (52) in response to 
positive fluid pressure within the central (48) reser- 
voir to permit passage of fluid from the inlet (12) to 
the outlet (16) through the device (10). but will fornn 
a seal with the seating surfaces (52) to prevent such 
fluid flow m the absence of such positive fluid pres- 
sure or in response to negative hydrostatic pressure 
on the outlet side of the inner wall (50). 
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Siphon Control Device 



This invention relates generally to P^V^^^^'f^ 
drainage systems, and. more specifically, to a 
s rheTcorn'rol device lor limiting lluid flow through 
such systems due to the siphonir^g effect of hydro- 

n trmedica, arts, to relieve undesirable acco- 
mulation of fluids it is frequently necessary to pro- 
vide a means for draining a fluid from one part of 
the human body to another in a contro 'ed manner 
This is required, for example, in the treatment of 
ijdrocephalus. an ailment usually a«ncting mfants 
Srchildren in which fluids accumulate w.thm the 
Skull and exert extreme pressure and skull deform- 

'"^ T'^ating hydrocephalus, cerebrospinal fluid 
accumulated in the brain ventricles .s typiMl^^ 
drained away utilizing a drainage or shunt system 
fncluding a catheter inserted into ^ /^"^jj^^ 
- through the skull, which is connected to a tube 
which conducts the fluid away from the bram to be 
reintroduced into the peritoneal cavjr or urto the 
vascular system, as by extending a fstal «rtheter 
through the patent's jugular vein to the atnum por- 
tion of the heart To control the flow of cerebrospi- 
nal fluid and maintain the proper pressure in he 
brain ventricle, a pump or valve is placed m the 
conduit between the brain and the peritoneal cavity 
or the heart. Exemplary valves are found in U^^ 
Patent Nos. 4.552.553 and 4.560.375. the contents 
of which are incorporated by reference herein. 

Although such drainage systems have provided 
successful results, a problem of ovefdrainage of 
the cerebrospinal fluid from the brain ventricles 
Sometimes exists. Overdrainage of cerebros^a^ 
fluid may result in excessive reduction of the ce e 
brospinal fluid pressure within the brain ventr»:les . 
and predispose the development of « ^ubdura 
hem^oma or hydroma. and excessive reduction of 
v Scular s J leading to shunt obstrucuon J- 
cause of impingment of the ventricular walls on the 
n e hoLs of L ventricular cathether. TWs ova. 
drainage can be caused by the siphoning efledt of 
hydrostatic pressure in the distal shunt catheter. 
The s phoning effect of hydrostatic Pressure rnay 
be created by the elevation of the ventr^ular ca^h- 
^er inlet wit!i respect to the distal catheter o^et 
r..e.. when the patents sits, stands or is held erecO _ 
Accordingly, there has been a need for a novel 
subcutaneously implantabte siphon control devce 
for use in a physiological shunt system which can 
S^ecSely prevent overdrainage of fluid through the 
Sstem due to the siphoning effect of hydrostatic 
pLsure. It would be preferable that such a novel 
siphon control device be normally closed, open 
only in response to positive upstream fluid pres- 



sure and re-close or remain closed in the absence 
of such positive upstream fluid pressure or m re- 
sponse to negative downstream hydrostatic pres- 
sure. Further, a siphon control device is needed 
s which utirizes dissimilar materials to if ^'^ compo- 
nent sticking and deformation, and which includes 
integral connectors. Moreover, a siphon control de- 
vice is needed which has an uncomplicated internal 
flow path and design which eliminates 
,0 anterior/posterior positioning concerns. The Prese" 
invention fulfills these needs and provides other 
related advanteges. 



,5 SUMMARY OF THE INVENTION 

The present invention resides in an improved 
physiological siphon control device capable- of ef- 
fectively limiting- drainage of fluid through a shuni 
20 or drainage system under hydrostetic/siphomng 
conditions. The siphon control device compnses. 
generally, a base having an inlet and an outlet, and 
a housing for the base which, in connection with 
the base, defines a fluid flow pathway between the 
^. inlet and the outlet. An inner wall separates 
inlet from the outlet, and interacts with a diaphragm 
means overlying the base to fomi a seal there- 
between. This seal prevents fluid flow between th« 
inlet and the outlet except under defined conditions 
30 to prevent excessive drainage due to downstream 

''''T'aWed form of the invention, the outlet 
includes an outlet connector having an outlet port 
at its proximal end. An outlet chamber is provided 
35 adjacent to and in fluid communication with the 
outlet port. This outlet chamber Is defined, m part. 
• •• by the inner wall which extends continuously rom 
■■ • one side of the outlet port the opposite side of the 
outlet port. This inner wall further has substantially 
40 parallel upper and lower seating surfaces which 
Interact with the diaphragm means. 

The inlet includes an inlet connector having an 
inlet port at its distal end. A central reservoir is 
provided adjacent to and iri fluid communication 
45 with the inlet port. The central reservoir is sepa- 
rated from the outlet chamber by the inner wall, 
and is further defined, at least in part, by an outer 
wall spaced from the inner wall and extending from 
the inlet connector to the outlet connector. In this 
50 manner, the central reservoir substantially encircles 
the outlet chamber. 

The diaphragm means forms a portion o1 the 
housing in which the base is situated, and includes 
a pair of spaced, substantially parallel, flexible and 
elastic diaphragms fixed about their peripheries 
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adjacent the outer wall. Each diaphragm has an 
inner surface definmg portions of the outlet cham- 
ber and the central reservior. and an outer surface 
forming an exterior surface of the siphon control 
device. The diaphragms are situated on opposite 
sides of the inner wall to position a portion of each 
inner surface in contact with an adjacent one of the 
seating surfaces and fom> a seal therebetween 
which prevents fluid flow between the inlet and the 
outlet. In this regard, the portion of the inner sur- 
face contacting the adjacent one of the seating 
surfaces includes a seating ridge extending in- 
wardly from the respective diaphragm. 

This construction and positioning of the dia- 
phragms with respect to the inner wall permits 
movement of the diaphragms away from the seat- 
ing surfaces in response to positive fluid pressure 
within the central reservoir to allow passage of fluid 
from the inlet to the outlet through the device. The 
seating ridges of the diaphragms will engage the 
adjacent seating surfaces of the inner wall to forft* 
a seal which prevents such fluid flow, however, in 
the absence of such positive fluid pressure or m 
response to hydrostatic pressure in the outlet 

chamber. ^ • „ 

Means for inhibiting the tissue, overlying the 
diaphragms from occluding the device are pro- 
vided and include an offset ring surrounding each 
diaphragm. The housing is preferably fomned of a 
silicone elastomer material, and the base is prefer- 
ably formed of a relatively rigid plastic matenal. 
This combination of materials is intended to pre- 
vent sticking between the sealing surfaces of the 
diaphragms and the inner wall. The housing further 
preferably includes a tantalum directional marker, 
and radiopaque indicator means are provided 
which encircle portions of the inlet connector and 
the outlet connector, f^oreover. the inlet can in- 
dude a section of inlet tubing fixed at its distal end 
to the base, which inlet tubing, in connection with 
the inlet connector, channels fluid to the inlet port. 

In another preferred form of the invention, all 
elements of the siphon control device are as de- 
scribed above with the exception that the seating 
ridge extending inwardly from each respective dia- 
phragm is omitted. The fact that the seating ridges 
may be omitted illustrates that various configura- 
tions may be used to create the necessary seal 
between the diaphragms and the inner wall to 
prevent fluid flow from the Inlet to the outlet. 

Other features and advantages of the present 
invention will become apparent from the following 
more detailed description, taken in conjunction with 
the accompanying drawings which illustrate, by 
way of example, the principles of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate the in- 
vention. In such drawings: 
5 FIGURE 1 is a perspective view of a pre- 

ferred form of the siphon control device of the 
present invention, shown connected to surgical tub- 
ing at its distal end; 

FIGURE 2 is an elevational, sectional view of 
10 the siphon control device of the present invention, 
taken substantially along the line 2-2 of FIG. l; 

FIGURE 3 is an elevational. sectional view 
similar to that illustrated in FIG. 2. further showing 
the manner in which a pair of diaphragms move 
,5 outwardly from an inner wall in response to positive 
fluid pressure within an inlet, to permit fluid flow 
from the inlet to thp outlet; 

FIGURE 4 is a top plan, sectional view of the 
siphon control device ol the present invention, tak- 
20 en substantially along the line 4-4 of FIG. 2; and 

FIGURE 5 Is an elevational. sectional view of 
an alternative embodiment of the siphon control 
device of the present invention, taken substantially 
along the line 2-2 of FIG. 1, illustrating the use of 
25 flexible diaphragms having flat inner surfaces which 
do not utilitze the seating ridges found in the pn- 
mary embodiment of FIGS. 1 through 4. 



30 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As Shown in the drawings for purposes of il- 
lustration. «ie present invention is concerned with 
35 an improved siphon control device, generally des- 
ignated in the accompanying drawings by the refer- 
■ ence number 10. The siphon control device 10 oi 
the present invention is intended primarily for use 
in surgically implanted systems for draining fluid 
40 from one portion of the human body to another, to 
prevent excessive draina&e which may be caused 
by the siphoning effect of hydrostatic pressure in a 
distal shunt catheter {not shown). 

In order to connect the siphon control device 
45 10 in such a system, it is provided an inlet 12 
including a section of inlet tubing 14. and an outlet 
.16 including an outlet connector 18. The outlet 
connector 18 is configured to receive one end of a 
piece of surgical tubing 20 vihich is slid over the 
50 connector and typically secured by a single liga- 
ture 22. The ligature 22 is preferably secured ar- 
ound the tubing 20 just inside an annular ridge 24 
fenced near the end of the outlet connector 18. 
. The inlet tubing 14. on the other hand, is config- 
55 ured to be received onto an outlet connector for a 
suitable flow control valve, such as any one of 
those illustrated In U.S. Patent Nos. 4.580.375 and 
4,636.194, and secured in ttie same manner as the 
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tubing 20 discussed above. 

In accordance with the present invention, and 
as illustrated with respect to a Hrst embodiment m 
FIGS 1 through 4. the siphon control device 10 
includes a molded polypropylene base 26 invested 
in a smooth. Hexible silicone elastomer casing or 
housing 28 having two integral flexible diaphragrns 
30. The polypropylene base 26 contributes to ttie 
structural integrity o1 the device 10 and inhibite 
possible distortion and sticking of the flexible sili- 
cone elastomer diaphragms 30. 

The base 26 includes an inlet connector 32 
having an annular ridge 34 for securing the inlet 
tubing 14 thereto, an outer wall 36. an inner wall 38 
situated within and encircled by the outer wall, and 
the outlet connector 18. The inlet connector 32 
provides a tubular passageway 40 for channeling 
fluids received from the inlet tubing 14 to an inlet 
port 42 situated through the outer wall 36. The 
outlet connector 18. on the other hand, provides a 
separate tubular passageway 44 from an outlet port 
46 to the distal end of the outlet connector 18. 

As can be seen best in FIG. 4. the outer wall 
36 Is generally circular in shape, and is spaced 
from and encircles the inner wall 38. The area 
between the inner wall 38 and the outer wall 36 
comprises a central reservoir 48 which is adjacent 
to and in fluid communication with the inlet port 42. 
The inner wall 38 is also generally circular in 
shape, and defines an outlet chamber 50 which is 
adjacent to and in fluid communication with the 
outlet port 46. The inner wall 38 Is constructed to 
have substantially parallel upper and lower seating 
surfaces 52. and it effectively forms a barrier sepa- 
rating the central reservoir 48 from the outlet cham- 
ber 50. 

The pair of spaced, substantially parallel, flexi- 
ble and elastic diaphragms 30 are fixed about their 
peripheries adjacent the outer wall 36. Each dia- 
phragm has an inner surface 54 which defines the 
upper and lower limits of the central reservoir 48 
and the outlet chamber 50. and an outer surface 56 
which forms an exterior surface of the siphon con- 
trol device 10. The diaphragms 30 are situated on 
opposite sides of the inner wall 38 to position a 
portion of each inner surface 54 in contact with an 
adjacent one of the seating surfaces 52 and form a 
seal therebetween which prevents fluid flow be- 
tween the inlet 12 and the outlet 16. To help 
facilitate the formation of this seal, a seating ndge 
58 is integrally molded onto the inner surface 54 of 
each diaphragm 30 to extend inwardly therefrom 
and contiguously meet and seal with the adjacent 
seating surface 52. 

The housing 28 further includes an integral 
offset ring 60 which surrounds each diaphragm 30 
to Inhibit the overlying tissue from occluding the 
device 10 when implanted into a patient. Extending 



both distally and proximally from the offset nngs 60 
are sealing flanges 62 and 64 which encircle, re- 
spectively, portions of the inlet connector 32 and 
the outlet connector 18. The distal end ol the inlet . 
5 tubing 14 is positioned between the sealing flange 
62 and the inlet connector 32. and a seal is effec- 
ted between these components to prevent fluid 
leakage between the base 26 and the housing 28. 
Similarly, a silicone seal tube 66 is place between 
,0 the sealing flange 64 and the adjacent portion of 
the outlet connector 18 to form a fluid tight seal 
between the base 26 and housing 28. 

It is preferred that the inlet tubing 14 be con- 
structed of a barium impregnated silicone 
j5 elastomer material to permit x-ray detection of the 
location of that tubing. The seal tube 66 is likewise 
also preferably constructed of a radiopaque banum 
silicone material to facilitate the percutaneous de- 
tection of separation of the surgical tubing 20 from 
20 the outlet connector 18. Imbedded within the top of 
the sealing flange 64 is a tantalum directional 
marker in the form of an arow 68. This is placed 
on the device 10 to facilitate proper orientation of 
"the device by the surgeon. 
26 In use, the diaphragms 30 will normally lie 
against and interact with the seating surfaces 52 of 
the inner wall 38 to close the device 10 to fluid flow 
from the inlet 12 to the outlet 16. The diaphragms 
30 will move away from the seating surfaces 52, 
30 however, in response to a minimal level of positive 
' fluid pressure within the central reservoir 48 to 
pem\it passage of fluid from the inlet 12 to the 
outlet 16 through the device 10 (see FIG. 3). The 
diaphragms 30 will close and seal upon the seating 
35 surfaces 52 once again in the absence of such 
positive upstream fluid pressure, or in response to 
negative downstream hydrostatic pressure in the 
outlet chamber 50. The siphon control device 10 of 
the present invention thus minimizes the undesira- 
40 ble consequences attendant to excessive over- 
drainage of fluid due to the siphoning effect of 
hydrostatic pressure. 

With reference to FIG. 5. an alternative, em- 
bodiment of the siphon control device 10 ol the 
4S present invention as shown. The only difterence 
between the embodiment shown in FIG. 5 with that 
shown in FIGS. 1 through 4 is the absence of the 
seating ridges 58 on the inner surfaces 54 of the 
diaphragms 30. in this alternative embodiment, the 
50 diaphragms 30 are situated to lie substantially flat 
against the seating surfaces 52 of the inner wall 38. 
The diaphragms 30 function in an identical manner 
as described above to effectively limit fluid flow 
through an associated physiological shunt system 
55 due to the siphoning effect of hydrostatic pressure 
created by the elevation of a proximal catheter inlet 
(not shown) with respect to a distal catheter outlet 
(also not shown). 
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From the foregoing, it should be apparent that 
the siphon control device 10 of the present inven- 
tion provides a normally closed device for inhibiting 
excessive drainage through a physiological shunt in 
the presence of excessive downstream suction. 
The siphon control device 10 of the present inven- 
tion opens only in response to positive upstream 
fluid pressure, and then only in the absence of 
negative downstream hydrostatic pressure. The de- 
sign of the siphon control device 10 eliminates 
anterior/posterior positioning concerns due to the 
prevision of oppositely situated diaphragms 30. and 
provides a simple, uncomplicated Internal flow path 
through the device. There is no metal which could 
possibly interfere with CAT Scan or NI^R imagery 
however, the barium impregnated inlet tubing 14 
and the radiopaque seal tube 66 facilitate per- 
cutaneous examination of the device 10. Finally, 
dissimilar materials (polypropylene and flexible sili- 
cone elastomer components) inhibit diaphragm 
sticking and deformation. 

Although two particular embodiments of the 
invention have described in detail for purposes of 
illustration, various modifications of each may be 
made without departing from the spirit scope of the 
invention. Accordingly, the invention is not to be 
limited, except as by the appended claims. 

The features disclosed in the foregoing de- 
scription, in the following claims and/or in the ac- 
companying drawings may. both separately and in 
any combination thereof, be material for realising 
the invention in diverse forms thereof. 



Claims 



1. A subcutaneously implantable siphon control 
device, comprising: 
an inlet; 
an outlet; 

an outlet chamber adjacent to and m fluid 
communication with the outlet; ^ . « 

a central reservoir adjacent to and. in fluid 
communication with the inlet, the central reservoir 
being separated from the outlet chamber by an 
inner wall having substantially parallel upper and 
lower seating surfaces; and 

a pair of spaced, substantially parallel, flexible 
and elastic diaphragms, each diaphragm having an 
inner surface defining portions of the outlet Cham- 
ber and the central reservoir, and an outer surface 
forming an exterior surface of the siphon control 
device, the diaphragms being situated on opposite 
sides of the inner wall to position a portion of each 
inner surface in contact with an adjacent one of the 
seating surfaces and form a seal therebetween 
which prevents fluid flow between the inlet and the 
outlet, wherein the diaphragms will move away 



from the seating surfaces in response to positive 
fluid pressure within the central reservoir to permit 
passage of fluid from the inlet to the outlet through 
the device, but will form a seal with the seating 
5 surfaces to prevent such fluid flow in the absence 
of such positive fluid pressure or in response to 
negative hydrostatic pressure on the outlet side of 

the inner wall. 

2. A siphon control device as set forth in claim 
,0 1 wherein the inlet includes an inlet connector 

having an inlet port at its distal end. and wherein 
the outlet includes an outlet connector having an 
outlet port at its proximal end. 

3. A siphon control device as set forth in claim 
,s 1. wherein the central reservoir is defined, in part. 

by an outer wall spaced from the inner wall and 
extending from the inlet to the outlet. 

4. A siphon control device as set forth in claim 
1. including an offset ring surrounding each dia- 

20 phragm to inhibit overlying tissue from occluding 
the device. . . 

5. A siphon control device as set forth in claim 

4 wherein a base defines the inlet, the outlet, the 
outlet chamber, and the central reservoir, and the 

25 diaphragms and offset rings form portions of a 
housing in which the base is situated. 

6. A siphon control device as set forth in claim 

5 wherein the housing is formed of an elastomeric 
material, and the base is formed of a relatively ngid 

30 material. 

7. A siphon control device as set forth in claim 
2. Including radiopaque markers encircling portions 
of the Inlet connector and the outlet connector. 

8. A siphon control device as set forth in claim 
35 7. wherein the housing includes a directional mark- 
er for facilitating proper orientation of the device. 

9. A siphon control device as set forth in claim 
2 wherein the inlet includes a section of inlet 
tubing attached to the inlet connector which, with 

40 the inlet connector, channels fluid to 2Hthe inlet 

port. , 

10. A siphon control device as set forth in 
claim i. wherein the portion of each inner surface 
contacting the adjacent one of the seating surfaces 

46 includes a seating ridge extending inwardly from 
the respective diaphragm. 



so 



ss 



5 



<EP 0276356At,L> 




FIG. 3 
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